In November-December 1984 we carried out an intensive 12-day upper ocean sampling program on the equator at 140øW as part of the Tropic Heat Experiment. From our observations we constructed hourly averaged profiles of temperature, salinity, at, turbulent kinetic energy dissipation rate, and horizontal velocity. These data were used to examine the correspondence between hydrographic and velocity fields and to compare the measured turbulent dissipations with the calculated Richardson numbers. We found that the core of the Equatorial Undercurrent tracked a density surface (a t = 25.25) on times as short as 1 hour. The variability in both hydrographic and velocity fields was greatest at the semidiurnal frequency. The supertidal energy was not significantly different from the Garrett-Munk mid-latitude level once latitudinal scaling was removed from the Garrett-Munk model parameters. Horizontal velocity spectra were found to be contaminated by displacement of the background shear. Turbulent dissipation was dominated by a dirunal cycle, with high values of dissipation occurring at night above the undercurrent core. Shear and buoyancy frequency, calculated over 12-m vertical scales, were observed to track each other above the core and were dominated by a diurnal period above 40 m and by a semidiurnal period below 40 m. When shear and buoyancy frequency were combined to form a Richardson number, neither diurnal nor semidiurnal cycles were present. Above the undercurrent core, the Richardson numbers were uniformly small (0.3 to 0.6).
INTRODUCTION
Studies have suggested that space and time variability in the equatorial ocean may be quite different from variability at mid-latitudes. Internal wave spectra from the equatorial Indian Ocean indicate more energy at frequencies above the tidal than is predicted by the Garrett-Munk (GM) universal internal wave spectrum [Eriksen, 1980] . Other deviations from GM Munk, 1972, 1975] include less spatial coherence [Wunsch and Webb, 1979; Eriksen, 1980] and an excess of horizontal kinetic energy over potential energy at subtidal frequencies [Eriksen, 1980] . One obvious difference is that at the equator there is no Coriolis parameter to limit the frequency bandwidth of internal waves.
From their fine-structure measurements, Toole and Hayes [1984] found enhanced shear and strain variance and a greater proportion of low values of the Richardson number on the equator. McPhaden [1985] noted anomalously high fine-scale temperature and density variance confined within 1 ø of the equator. Microstructure measurements indicated a peak in turbulent kinetic energy dissipation rate within 1 ø of the equator [Crawford, 1982] , but more recent results [Moumet al., 1986b-I have shown this peak to be an artifact of the sampling limitations of the previous study.
tudinal scaling was removed from the Garrett-Munk model parameters, and (3) the horizontal velocity spectra were contaminated by displacement of the background shear.
3. We compared calculated Richardson numbers with the observed values of turbulent kinetic energy dissipation rate and found that (1) the dissipation was dominated by a diurnal cycle, with high values occurring at night above the undercurrent core, (2) shear and buoyancy frequency calculated over 12-m scales tracked each other extremely well, with a diurnal cycle above 40 m and a semidiurnal cycle below 40 m and (3) the Richardson number was uniformly small (between 0.3 and 0.6) above the undercurrent core. For the 12-day period, the Richardson number displayed neither a diurnal nor a semidiurnal periodicity. (In longer times series, periods were observed when the Richardson number cycled diurnally near the surface.) 
MEASUREMENTS
The measurements consisted of wind, humidity, solar and infrared radiation, horizontal currents, air and water temperature, electrical conductivity, and small-scale shears. They were made on the equator near the Equatorial Pacific Ocean Climate Study/Tropic Heat T44 buoy (located at 0ø2'S, 140ø9'W) from November 19 to December 1, 1984. In order to maintain position near the buoy in the westward surface current, the ship was repositioned whenever it drifted outside of a 4.8 x 4.8 km box centered 4 km north and slightly west of the T44 mooring (Figure 1) .
Horizontal velocity estimates were obtained with an acoustic Doppler current profiler' the instrument has been described by Re,qier [1982] . The profiler transmits 300 kHz in 20.4-ms pulses along four beams that point 60 • downward from the horizontal. Sound is reflected back to the transducers by scatterers assumed to be passive tracers of the water motion. The measured frequency shift between transmitted and reflected pulses determines the water velocity relative to the ship. Range gating the return (using 6.2-ms bins) produces a vertical profile of velocity at 4-m intervals down to 260 m. Strong echo returns give reliable velocity estimates down to 200 m. Because of the finite pulse length and the range gating, the velocities are effectively filtered by a trapezoidal filter that is the convolution to two unit gates of widths 6.2 and 20.4 ms. Totally independent estimates of velocity are obtained every 17.7 m. Since the filter is tapered, the estimates are nearly independent every 12 m. Ten-minute averaging resolves relative velocity within I cm s-•. The velocities described here were averaged in time over 1 hour. Obtaining absolute velocities from the relative velocities requires either precise navigation or an independent estimate of the current at some depth to remove the motion of the ship. For our 12-day station the ship motion was removed from the ADCP profiles by referencing the hourly averages to the hourly averaged current meter observations at 25-m depth on the T44 mooring. Rootmean-square differences of hourly averages at the other four depths where current meter measurements were available ranged from 5 to 10 cm s-• (Table 1) Fine-scale hydrography measurements were obtained from a microstructure profiling instrument, the rapid sampling vertical profiler. The RSVP has sensors which measure pressure, temperature, electrical conductivity, and small-scale shears; the instrument has been described by Caldwell et al. 1-1985] . It descends through the water on a cable which is kept slack to isolate the sensors from ship motion. The cable carries power to the instrument and returns signal to the ship for recording. Temperature was measured with a Thermometrics FP14 thermistor, conductivity was measured with either a Neil Brown Instrument Systems sensor or a four-electrode microconductivity probe, and shears were measured using Undersea Technology airfoil probes. The depth resolution of each measurement is approximately several centimeters. For the purposes of the study presented here, the values of temperature, salinity, and a, were averaged vertically over 1 m. Estimates of turbulent kinetic energy dissipation were made from the small-scale shears (spatial scales of 1.5 to 50 cm).
HORIZONTAL CURRENTS AND FINE-SCALE HYDROGRAPHY
This description will focus on the east-west component of velocity and the Equatorial Undercurrent. It should be noted that these measurements were made during the northward phase of a 20-day oscillation in the north-south component of velocity. An oscillation at a period of 16-30 days has been observed in both the tropical Atlantic and the tropical Pacific [Duing and Hallock, 1980; Legeckis, 1977] ; it is thought to result from an instability of the mean current [Philander, 1978] . Two years of data at the T44 mooring site revealed the seasonal cycle in the currents, with We believe the high salinity observed in the core to be the salinity front associated with the equatorial current system [Wyrtki and Kilonsky, 1982] . A lens of high-salinity water at 120-to 130-m depth extending from the equator to 3øS was observed in the N-S transect made prior to the equatorial station [Park et al., 1985] . At the time of the transect the maximum thickness of the high-salinity lens was located at approximately 0.25øS, the EUC was centered at 0.25øN, and the surface South Equatorial Current was centered at 0.75øN [Mourn et al., 1986b] .
Near-surface changes in temperature and salinity were also observed and may be due to the advection of a surface front by the 20-day oscillation. The time series of temperature and salinity showed substantial change in the upper 40-60 m Over the 12-day time period. Salinity increased by 0.3 ppt, and temperature warmed by 1ø-2øC. During the N-S transect we observed a distinct front at 1.5øS, with relatively cold, fresh water to the north (<24øC, < 35.0 ppt) and warm, salty water to the south (> 24øC, > 35.1 ppt). Southward velocities were observed to about 2øS; this time period corresponded to the southward phase of the 20-day oscillation observed in the moored current meter data on the equator. If the 20-day oscillation extended as far south as 1.5øS, then the changes that we observed during our station may be attributed to the advection of the front observed at 1.5øS. During our first 4 days on station the northward current was weak; the weak flow was followed by flow at about 50 cm s-• (50 km day-•) for the remainder of the station. If the current was of this magnitude as far south as 1.5øS, then one might expect to see the front advect past approximately 3 days after the onset of large northward flow (on November 26). It is suggestive that the at section indicates an abrupt change at this time. However, advection of the front from 1.5øS is speculation; we do not have current measurements off the equator during this time period. Only south of the front did we find water with the correct T-S properties to account for the observed changes. Another possibility is that the change may be due to advection from the east by the surface current.
The In the spectra of displacement calculated for six different at surfaces, the semidiurnal peak dominates, with a change in slope at the internal tide (Figure 3a) . The tidal harmonics are also evident, and the high-frequency slope is -2. Vertical velocity spectra were calculated from displacement by multiplying by frequency squared and applying WKBJ N-scaling (Figure 3b 
Fourier transforming and taking the spectrum yields S u = Sg B 2 + Su,
We have neglected the term involving the cross spectrum of
• and u'. For the GM model this term would vanish identically. Although it may not be zero here, it is no larger than the two remaining terms whose relative magnitude we now estimate. The velocity spectrum that we measure is Su. The velocity spectrum that the GM model (B = 0) predicts is Su,. We can estimate how much shear is required to account for the difference between S, and S,, using (8). We estimate Su using ( The simple model which we have presented applies at all frequencies, not just for supertidal ones. We also found evidence that the levels of the velocity spectra at tidal frequencies and below were being pumped up by vertical advection of the background shear. Figure 5 compares the u velocity following the density surface at the core and the velocity at the mean (fixed) core depth, 120 m. Both estimates are from ADCP measurements. At low frequency, when the large-amplitude pulse displaces the core by 30 m, the spectrum at a fixed depth shows a much higher level (factor of 7) than the spectrum following the core. The displacements at tidal frequency are of order of 10 m, the accuracy with which we can track the depth of the core. Thus at frequencies at and above the semidiurnal we can no longer resolve the effect of the displacement of the background shear by tracking the core. However, at these supertidal frequencies the different estimates of GM level pa- The Richardson number results indicated a current system that could be easily destabilized to provide energy for turbulent mixing. The turbulent dissipations indicated that nighttime convection may be important in destabilizing the system, although the actual mechanism by which the turbulence is generated may be quite complicated. The mechanisms of how the convective mixing regime influences the deeper turbulence is the subject of a future investigation.
CONCLUSIONS
The Equatorial Undercurrent core, defined as the depth of the velocity maximum or alternatively the shear minimum, was very highly correlated with both the salinity maximum and with a or, surface. The core was most highly correlated with density, and it appeared to flow along a density surface. This result agreed with previous equatorial measurements indicating that the Equatorial Undercurrent lies within the thermocline; we believe that we were able to track these surfaces with 10-m accuracy and found that the correlation was indeed very high, even on time scales of 1 hour.
Velocity and displacement spectra were dominated by a peak at the semidiurnal internal tide; a change in slope was observed above and below this peak. With f scaling removed, equatorial spectral energies were comparable to those at midlatitude. Horizontal velocity spectra were found to be contaminated by the vertical displacement of the background 
